Peptide receptor radionuclide therapy is a treatment for inoperable or metastatic neuroendocrine tumors. A key issue is the need to standardize the treatment and develop randomized controlled trials. Standardization would help define the characteristics of response, including progressionfree survival; provide homogeneous phase II and III studies; delineate the position of peptide receptor radionuclide therapy in the therapeutic algorithm for neuroendocrine tumors; and establish the basis for approval by the regulatory authorities. Standardization of treatments is the starting point to redefine the treatment paradigm from a one-size-fits-all to a personalized treatment. To delineate the treatment paradigm, treatments should be optimized for efficacy and minimization of long-term toxicity, through dosimetry, and adapted to each individual, including relevant patient characteristics. Although differences in therapy outcomes may be explained by the specific absorbed dose (or biologically effective dose), they may also be related to discrete tumor-and patient-specific features. In this respect, a particular area of investigation is the assessment of genetic elements regulating tumor cell proliferation, especially those involved in the response to cytotoxic therapies.
90 Y-octreotide and 177 Lu-octreotate have been widely investigated in clinical trials worldwide (2) . However, 20 y after its introduction, PRRT still uses orphan drugs and includes protocols that differ in selection and treatment criteria. Each protocol represents the research and clinical predispositions of a single local institution. As a consequence, PRRT lacks unequivocal and robust efficacy and toxicity data and has therefore not become a standardized tool in the therapeutic algorithms of NET management (3) .
Standardization is a critically necessary step and would define the characteristics of response, including PFS; establish homogeneous phase II and III studies; and delineate the position of PRRT in the therapeutic algorithm for NETs.
Standardization represents the basis for therapeutic optimization, within the framework of maximizing efficacy while minimizing toxicity. To accomplish this goal, a data matrix can be developed by defining patient-specific treatment plans that interface the individual tumor and normal-tissue characteristics with the radiotherapeutic activity, as has been established for external radiotherapy.
CURRENT STATUS
Unresectable or metastatic well or moderately differentiated gastroenteropancreatic or bronchopulmonary NETs are considered ideal candidates for PRRT (1) . In these, a survival impact and objective responses (partial and complete) have been described in up to 30% of patients, although in the absence of randomized controlled trials (RCTs) this benefit is not quantifiable (Table 1) . A comparative literature analysis indicates that survival in 177 Luoctreotate-responsive individuals exceeded that of conventional therapies by 21-42 mo from initiation of therapy (4) .
PRRT is generally well tolerated. Acute side effects are usually mild. Permanent effects on the kidneys and bone marrow are generally mild if necessary precautions, such as nephroprotection, are undertaken (2). Acute hematologic toxicity is mild and transient in approximately 90% of patients. Severe forms tend to recover about 12 mo from PRRT completion (5). Myeloproliferative events are rare (1%-2%). Because of their radiosensitivity, the kidneys represent the critical organs, especially with 90 Y-peptides (Table 2) .
PRRT is usually considered by a multidisciplinary tumor board after treatment with somatostatin analogs and, if possible, after cytoreduction with surgery or locally ablative therapies (2) . Everolimus and sunitinib are registered for progressive pancreatic NETs and are currently used before PRRT despite limited data.
Nevertheless, PRRT is accepted by scientific societies as "promising." However, PRRT is not yet considered to have a definitive position in therapeutic algorithms, given the paucity of evidencebased studies. A definitive position requires RCTs in defined disease categories. The absence of RCTs is due mainly to political and economic reasons, in view of the different local approaches, as well as the heretofore absence of support from big pharmaceutical companies.
Presently, the level of recommendation for PRRT is grade 3A in the European Society for Medical Oncology gastroenteropancreatic NET guidelines (3). This level reflects the fact that systematic reviews of published clinical series, prospective studies on small groups, and retrospective analyses on larger datasets are unable to rigorously define specific intervention strategies, such as the appropriate timing for the introduction of PRRT. For example, the shorter progression-free survival noted in a retrospective study, when PRRT was preceded by chemoembolization, was criticized for the large number of variables included in the multivariate analysis and cohort heterogeneity (6) , whereas concerns about toxicity in gastroenteropancreatic NETs treated with everolimus after PRRT have been contradicted by a retrospective analysis, but this was underpowered (7) . A recent clinical consensus using the Copenhagen criteria concluded that the present body of data was insufficient to establish the role and sequence of PRRT in relation to liver-focused therapies (8) .
PRRT also lacks marketing authorization. The results of an ongoing prospective registration RCT of 177 Lu-octreotate in smallintestinal NETs are projected for 2016 (netter-1.com). Other RCTs in specific types of NETs are also planned to start. Until then, PRRT must be used according to national legislation regulating experimental radiopharmaceuticals within the context of clinical trials. A delay in registration may relegate PRRT to the lowest position in the therapeutic algorithm, surpassed by pharmaceuticals whose advantage is that they are registered and are easily available. 
TOWARD PERSONALIZED TREATMENT
Personalized treatment is a strategy to optimize the therapy, minimize the toxicity, and maximize the probability of response. Personalization can be achieved through dosimetry, adapting the administered activity to individuals according to relevant characteristics, but only once the therapy has been well defined and can be provided in a standardized format.
Classically, institutions tend to apply their own PRRT scheme with different inclusion criteria, total and per-cycle administered activities, and numbers and frequencies of cycles (4, (8) (9) (10) (11) (12) (13) (14) . Moreover, PRRT is commonly performed with different but fixed activities. Given the variable absorbed doses delivered to the target tissues, the effects are not entirely predictable. To date, the outcomes of PRRT are best described as "a large probability of efficacy with a low risk of serious toxicity" (2, 8) . However, this strategy is suboptimal if irreversible toxicity or inefficacy occurs. Toxicity may reduce the tolerance to future therapies targeting the same organs, and inefficient treatments have a significant downside if they induce unnecessary radiation exposure without the desired therapeutic benefit. Adapting the administered activity to performance status, body surface area, and renal and hematologic parameters is a rudimentary form of personalization but fails to consider the variable dosimetric and biologic effects at the target. Dosimetric estimation of the absorbed tumor and normal-organ dose allows optimization. The MIRD and OLINDA/EXM codes used to derive the dose, however, do not represent the organ anatomy of individual patients. Such derivations require complex personalized Monte Carlo simulations.
A relationship between the tumor-absorbed dose and response has been demonstrated for 90 Y-DOTATOC, indicating that dosimetry-based treatments may improve outcome (15) . However, as opposed to external radiotherapy, in which the geometry of the target and the characteristics of irradiation allow quantification, the prediction of the dose-response relationship with radionuclides requires further calibration because of the inability of the absorbed dose to accurately estimate nephrotoxicity and the difficulty in bone marrow and tumor modeling. Other reasons include the variable individual organ volumes, biodistribution, and tumor uptake and the lack of a uniform distribution of radioactivity (16) . As a consequence, dosimetry is debated and is not widely accepted. Supporters claim that absorbed doses correlate with clinical outcomes and, ultimately, facilitate the individualization based on the cost-benefit ratio and the clinical need, whether eradication or palliation. Opponents claim dosimetry is timeand resource-consuming, is imprecise, and casts a shadow of complexity and danger on PRRT, since severe toxicity is rare. However, acquisition of knowledge on treatment efficacy and safety is always beneficial for both patients and physicians. In addition, the identification of clinical factors modifying the renal dose threshold to radiopeptides formed the basis for an adaptation of the PRRT schedule (16) . When conventional bone marrow and kidney dose thresholds are used, a fixed PRRT schedule results in different absorbed doses. It is thus apparent that individuals may or may not tolerate additional activities or cycles (17) . Dosimetric estimates, however, must be integrated with individual radiobiologic tissue characteristics that have been introduced to better predict the dose-effect relationship. This requirement reflects the observation that differential tumor and normal-tissue proliferation rates represent a major determinant of response. Biologically effective dose and its tissue distribution correlate with specific effects, such as renal toxicity (18) . Additional concepts include individual cell radiosensitivity, tumor control probability (depending on the number of clonogenic cells), and normal-tissue control probability (depending on the type of organ architecture). The last of these is of considerable biologic relevance since bone marrow, which exhibits a rapid turnover, responds differently from renal tissue, which has a slow turnover. These models, however, remain theoretic and are not yet clinically applicable. Nonetheless, they emphasize the biologic variability inherent in the irradiated tissues as a major determinant of individual response. The algorithmic assessment of these multiple parameters will allow clinicians to better individualize susceptible or resistant patients.
Although individual differences in therapy outcomes may be explained by the specific absorbed dose (or biologically effective dose), they may also be related to tumor-and patientspecific features such as the biology of the tumor, stage, performance status, and risk factors for renal and bone marrow toxicity. Some of these may reflect genetically determined biologic characteristics.
REQUIREMENTS FOR OPTIMIZATION OF INDIVIDUALIZATION
To redefine the paradigm of treatment, the perspective must be altered from a one-size-fits-all to a personalized treatment. To delineate this personalization, genetic elements regulating tumor cell proliferation, especially those involved in the response to cytotoxic therapies, require additional study. These comprise assessment of tumor cell signal transduction mechanisms and stress response pathways activated by PRRT, evaluation of the expression and radiosensitivity of cell cycle checkpoint proteins, recognition of differences in pathways involved in DNA damage and repair after exposure to PRRT, and what mechanisms regulate apoptotic and premature senescence pathways (19) . It is likely that transcriptome-based and sequencing approaches will identify the gene signatures or genetic elements, such as single-nucleotide polymorphisms in the XPF pathway, that confer tumor cell sensitivity to therapy (20, 21) .
To investigate tumor radiosensitivity, an evaluation of individual tumor tissue is required by analyzing the oxygenation status and developing primary cultures (and potentially cell lines), identifying specific mutations (or single-nucleotide polymorphisms) in known radiosensitive/radioresistance pathways, and evaluating the stress response signaling and proliferative/apoptotic networks. In addition, the radiosensitivity of normal tissues should be evaluated from whole-genome sequencing (single-nucleotide polymorphism-based analyses) of circulating cells or from a targeted sequencing of candidate radiation-sensitive and resistant loci. For a full appreciation of the spectrum of normal and tumor responses in an individual, an evaluation of person-or tumor-specific response to radiation, possibly by a peripheral genomic approach, may also require consideration.
Once the patient-specific sensitivity to radiation has been defined for the tumor, adjacent normal tissue, and the critical at-risk organs, an optimal PRRT schedule can be designed (Fig. 1) . Following the current approaches in medical management, a multilevel assessment of these individual variables can be included in a predictive nomogram. This will lead to the design of a specialized PRRT nomogram able to predict efficacy and toxicity and thereby define a risk-benefit assessment strategy for an individual before therapy. In this scenario, the availability of molecular prognostic factors able to identify the tumor and normal-organ response to PRRT will be a necessary step to optimize management (22) .
CONCLUSION
Is this pure fiction or is it a viable strategy? As Julius Caesar noted, "What is possible has been done and what is impossible will be done." As in other treatments, a shift toward personalization according to individual characteristics is an inevitable trend. This strategy will provide the opportunity for nuclear medicine physicians to overcome the current skepticism about the therapeutic benefit of PRRT and allay anxiety about long-term toxicity. However, the road toward personalized PRRT must first pass through the common language of mutual agreement and standardization. The strategy of "we the people" has already been proven.
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